Background. Data suggest that colorectal cancer could be cut by approximately 60% if all people aged 50 years or older received regular screening. Studies have identified socio-cultural attitudes that might inform cancer education and screening promotion campaigns. This article applies item response theory (IRT) to a set of survey items selected to assess sociocultural attitudes in order to determine how current measures may affect what we know about how these attitudes affect colorectal cancer screening (CRCS).
Introduction
Colorectal cancer (CRC) incidence rates have been decreasing for the past two decades, largely because of increased use of colorectal cancer screening (CRCS) tests that permit detection and removal of colorectal polyps. 1 It is estimated that deaths from CRC could be cut by approximately 60% if all people aged 50 years or older received regular screening tests. 2 Current guidelines recommend that men and women ages 50 to 75 be screened via an annual faecal occult blood test (FOBT), a sigmoidoscopy (Sig), a combination of annual FOBT and Sig every 5 years, or a colonoscopy (Col) every 7 to 10 years. 3 Understanding individual attitudes and beliefs toward cancer screening is a critical step in understanding screening behaviour. Using the theory of reasoned action/planned behaviour (TRA/TPB) to situate the role of culture in African American screening behaviour, CRCS rates among African Americans are likely to be higher if individuals believe that screening will prolong their lives and improve their health, and if they believe that important people in their lives think screening is good and that they should be screened. 4, 5 Because the typicality of a behaviour as well as the perceived degree of social approval have both been found to be important in predicting screening behavior, 6 ,7 the need to examine the role of sociocultural attitudes in understanding screening behaviour is strengthened.
Accepting the theoretical support for the role of sociocultural attitudes in screening, several studies have identified cultural beliefs and attitudes that may be relevant to screening behavior. 8, 9 Although theory and data indicate that there are several dimensions underlying cultural attitudes affecting screening behaviours, there are few studies that have simultaneously studied these dimensions. This article applies item response theory (IRT) to a set of items identified and/or developed to assess the different dimensions derived inductively from literature review and supplemented by those derived deductively from formative research. The goal of the research was to determine whether the items could be integrated into a comprehensive measure comprising several sub-scales representing the different attitudinal dimensions. Item difficulties and ordering of response thresholds were analysed for the different subscales and scores from the subscales were used to examine the predictive validity of the measure.
Design and Methods

Participants
The participants were 1021 African Americans -683 women and 338 men, recruited from a targeted list sample created using random digit
Significance for public health
The 29 items of the Multi-construct African American Cultural Survey, identified through IRT analyses, can be used by community health researchers interested in determining the relevance of cultural constructs in the design and implementation of colorectal cancer screening programs in the African American community. With appropriate identification of sociocultural concerns, CRC health education materials and promotion strategies may avoid unnecessary conflicts with community beliefs and values. Avoiding conflicts between beliefs and values increases the likelihood that evidence and the recommended behaviours are considered for adoption. In addition, the short survey, as well as the broader item set, may be useful as a starting point for surveys to be used with other cancer sites. The application of IRT analysis to measures of cultural constructs to facilitate the development of accurate and efficient measures may prove useful in other racial/ethnic communities where cultural concerns may be relevant for health education and promotion. dial (RDD) generated lists matched to a market research data sample. The list was drawn to assure that major geographical regions were represented. In addition to this list, a separate RDD list was purchased and used in calling to reduce biases produced by a listed sample. Eligibility criteria for participation included birth in the United States, self-identified African American male or female aged 50 to 75, a mailing address (for mailing of incentives), and working telephone number. The rate at which females answered the telephone calls and agreed to participate in the study resulted in oversampling of this population.
Measures
Item selection. As a part of scale development, research assistants completed a search of computerized databases, including Ovid Healthstar (1990 Healthstar ( -2006 , PsycINFO (1990 PsycINFO ( -2008 , Medline (1990 Medline ( -2008 , Sociofile (1990 Sociofile ( -2008 , and Social Sciences Citation Index (1990) (1991) (1992) (1993) (1994) (1995) (1996) (1997) (1998) (1999) (2000) (2001) (2002) (2003) (2004) (2005) (2006) (2007) (2008) , structured to capture items and scales that have been empirically linked to cancer preventive behaviour among African Americans. Key words, including i) sociocultural, ii) cultural, iii) cultural and social constructs, iv) sociocultural measures, v) cultural measures, vi) medical mistrust, vii) fatalism, viii) religiosity, ix) spirituality, x) collectivism, xi) communalism, xii) racial and ethnic identity, and xiii) privacy were used to search titles, abstracts, and subject headings in all databases. Religiosity/spirituality items addressed the internal manifestation of belief in a higher power and commitment to attendant values. 10, 11 Fatalism items focused on the belief that events are beyond an individual's control. 12 Cancer fatalism is defined as the belief that death is inevitable when cancer is present. 13, 14 Racial/ethnic identification items referred to a psychological attachment to a social category, when the category selected is based on race or skin colour, common history, nationality, culture, or ancestry. 15 Items covered the centrality, salience, and public and private regard of ethnic identity 16 and racial pride as an aspect of racial identification. 17 Trust of the medical profession items addressed the belief that individuals and institutions will act appropriately and in a manner consistent with patients' interests and included behaviour all factors, such as the experience of discrimination. 18 Finally, collectivism items assessed the belief that one is linked with family and similar others and holds a cooperative attitude, often leading to personal goals being subordinated to those of the group. 19 A Scientific Advisory Committee (SAC) composed of research faculty from health, psychology, health social work, epidemiology, communications and a Community Advisory Committee (CAC) composed of members from social service, health and religious not-for-profits received an annotated version of the items and were asked to suggest new constructs, item deletions, item additions, rewording or edits of existing items based on grammar, readability, knowledge of African American socio-cultural beliefs, attitudes and behaviour and experience working in the African American community. 20 The SAC recommended and generated items that addressed privacy, gender and cancer specific beliefs, in addition to the items taken from the literature; the new items were reviewed by the CAC for appropriateness. All items (those developed for the study and items from previous scales) were subjected to cognitive response testing conducted by the project PI and graduate research assistants (see article cited for a full description of item development). 20 Based on the cognitive response testing, fatalism items were reworded to address a more positive attitude toward African Americans' ability to exert control of health and cancer outcomes through screening or a sense of empowerment.
Fifty-five items were subjected to confirmatory factor analysis conducted using the cfa procedure in the structural equation modelling (SEM) package in R version 2.11.1 (R Development Core Team, 2010). 21 Each factor was anchored by one item with an assigned loading of 1. Once items with low loadings (<0.3) were removed, the 43 useful items retained, 22 represented seven scales: religiosity (α=0.79), mistrust/distrust (α=0.81), privacy (α=0.70), ethnic identity (α=0.49), collectivism (α=0.65), empowerment (α=0.61), and male gender role (α=0.70). Items were rated on a 5-point Likert-type scale ranging from 5 = strongly agree to 1 = strongly disagree.
CRCS. The National Cancer Institute (NCI) CRCS questionnaire was administered to determine participant adherence status. 23 NCI CRCS items included whether participants ever had a screening test to see if their colon was healthy, whether participants had ever received a FOBT, Sig, Col, or barium enema, the date of the most recent test and the reason for that test. A description of each screening test was provided. The validity and reliability of the measures have been established. 24 All items were used to determine CRCS adherence.
Demographic variables. Data on age, education, income, occupational status and category, marital status, and health insurance status were gathered.
Procedure
The Washington University in St. Louis Institutional Review Board approved this study and the consent procedures used. A national telephone survey of African Americans was conducted via call centre. Individuals were told that researchers were recruiting participants for a study of attitudes that may relate to cancer screening. If two eligible individuals resided at the residence associated with the telephone number, the Computer Assisted Telephone Interview system accessed a preselected random number for the sampled household, which determined which respondent was selected. Of 7471 completed calls, 40% (N=2986) of those contacted were ineligible for the study and 41.69% (N=3115) refused to respond at the point of screening. Of the 1370 respondents who were eligible for the study, 1021 African Americans (84.66%) completed the survey. Participants provided verbal consent for administration of a baseline survey, which included social and cultural variables, CRCS, and demographic information. The survey took approximately 35 minutes to complete by telephone. Five percent of participants (n=50) were asked to consent to a re-administration necessary to establish test-retest reliability. 25 
Analyses
Prior to conducting the IRT analyses, the survey was checked for unidimensionality, a fundamental assumption of the IRT model, using (i.e., Samejima's Graded Response Model, 26 GRM). Reckase demonstrated that IRT models are robust to departures from unidimensionality when at least 20% of the variance in a scale is explained by the first factor. 27 To examine this, an exploratory factor analysis without rotation was conducted for each subscale individually, using a principal axis extraction. For all subscales, examination of the scree plots suggested that a dominant first factor emerged. In addition, the first factor in each solution explained at least 20% of the variance, above Reckase's minimum rule of thumb. Specifically, the mean eigenvalue for the first factor was 2.53 (minimum = 2.07, maximum = 3.62), and the mean percent of variance explained was 42% (minimum = 30%, maximum = 53%). Accordingly, item parameters were estimated using the IRT analyses, evaluating each factor as a single test.
To estimate item parameters, MULTILOG 7.03, 28 using Samejima's GRM, 26, 29 was used. The GRM is an extension of the two-parameter logistic (2PL) model, where the response options are represented as a series-ordered dichotomies (i.e., choosing between one response option and the next). Because items were rated on a 5-point Likert-type scale, this IRT model was used. 30 For each item, the GRM yields a single discrimination, or slope parameter (a) and m-1 threshold, or difficulty parameters (b), where m indicates the number of response options for a scale. The a-parameter indexes the extent that an item can differentiate between respondents with different levels of the latent trait, with larger values indicating a greater capacity to differen-tiate between respondents. The GRM operates by also estimating a series of b-parameters, which index the location(s) on the latent trait continuum where respondents have a 0.50 probability of choosing the next highest response option in each adjacent pair of options. These are subsequently interpreted similarly to the b-parameters in the 2PL model. The a and b parameters are numerical summaries of the item characteristic curves (ICCs) for the response options, which can be used to visually examine items and describe the combined characteristics of questions on the underlying opinion/attitude of the scale. Test Characteristic Curves (TCCs) are also used to evaluate items and describe the combined characteristics of the scale questions on the underlying opinion/attitude of the scale. In the context of this research, this statistic shows the relationship of the combined socio-cultural attitude items and the scale being measured.
In addition to the aforementioned parameters, IRT can be used to estimate an item information curve (IIC) for each item. These IICs show the range of the trait that a test question covers and where the question shows its strongest measurement. In other words, this is the point on the latent trait continuum where it best differentiates among people on the characteristic being measured. The peak of the question corresponds to where the question provides the most information. Using the individual IICs to select items, the criterion for selecting items can be set at Information ≥1.0. The IICs for a test can be summed to provide a summary index of information across the latent trait continuum for the overall test. Specifically, TIFs represent the additive combination of the IICs in a scale. In the context of this research, this statistic shows the relationship of the combined socio-cultural attitude items and the scale being measured.
Using SPSS software, version 19.0, a logistic regression analysis was conducted to determine the associations between the sociocultural scales and self-reported CRCS adherence status. The independent variables in these analyses were religiosity, mistrust/distrust, privacy, ethnic identity, collectivism, empowerment, and male gender role scales. The dependent variable was CRCS screening status, determined using US Preventive Task CRCS guidelines for screening. 31 
Results
Sample characteristics
The IRT analysis was performed on 655 individuals with complete data for the 43 observed variables. To determine whether there were any notable differences between those with missing data and those with complete data, we compared complete and incomplete survey participants for average age and the distribution of sex, education, marital status, unemployment status, and income. We found significant differences in age, education, and marital status between the two groups, however, the differences were not extreme (Table 1) . For example, complete data participants were more likely to be in the high school diploma or graduate degree categories, but less likely to be in the college degree category compared to those with incomplete data. For those with complete data, the average age was about 63 years, with a mean of 63.4 years for women and 62.4 years for men. Women were more Item response theory analysis
As explained above, the IICs were examined to determine the amount of information each item contributed to the sub-scale. Using the individual IICs to select items, the criterion for selecting items can be set at Information ≥1.0. In this study, this yielded only 10 items and excluded two dimensions entirely (ethnic identity and collectivism). The Most Information selection criterion was lowered from 1.0 to 0.80 and resulted in retention of one additional item. When items with Moderate information were added (0.40 ≤ Information ≤ 0.80), an additional 18 items were retained, bringing the total to 29 usable items. While insufficient for some measurement strategies, such as computer adapted surveys (the minimum specified number of items is 5 for each of the 7 constructs), 29 items might form a useful short survey of cultural attitudes informing CRCS. Thus the analysis focused on how well the items fit together and sought to understand whether a useful set of scales could be constructed for a short survey.
Based on the analysis of IICs, there are 29 questions that provide information related to the respondents feelings and/or opinions in the seven general areas of interest ( Table 2 ). The items provide information on all seven dimensions addressing respondents' opinions on cultural attitudes related to CRCS, although not to the same degree. Of these, six items are in the mistrust/distrust dimension (MD), five each are in religiosity (RE) and ethnic identity (EI), four are in privacy (PR), and three each are in collectivism (CO), empowerment (EM), and male gender role (MGR). The strongest dimension was privacy (PR), where four of the six items available were strong (>0.80) in providing information. The MD scale has the most usable items (6), although most of them (4) provide only moderate information (0.40 ≤ Information ≤ 0.80). Two of the areas of interest, EI and CO, provide only moderate information. Proportionally, RE has the largest number of included items from those that emerged from the factor analysis five out of six, although only three of these provide strong information.
The TCCs showed that all of the dimensions and their collective items provided information about at least some opinions they cover. For example, EM, EI, MD, and MGR cover all ranges of opinion (θ=-3.0 to 3.0) in providing information. RE, on the other hand, provided information from -3.0 ≥θ>0.20, which is to say that it is most useful for those who have little or no religious faith to those who are neutral about it.
Privacy provides maximum information at about θ=0.80, 1.6, and 2.4. That is, it provides the most information about those who disagree with the items on PR, and those who agree or strongly agree with the opinions about how much information to share with healthcare providers, although there is a strong drop-off over θ=2.6.
The effect changes when the individual items, relative to the 29-item survey, are examined. The distribution of the responses for each item included in the religiosity dimension will be used to illustrate this point. The examination of ICCs and IICs was completed to assess who would tend to answer the question where it provides the maximum amount of information (an IRT characteristic). When ICCs and IICs are assessed, the item addressing consultation of religious leaders in health decisions is essentially flat and low across all levels of RE and offers little information. There are several reasons why this might be. 32 First, it may be measuring something different from the other items in the RE scale. Second, perhaps the item is poorly worded for African Americans in this age range considering CRCS or in the context of the survey, and needs to be rewritten. Third, the item may be too complex or multifaceted for the respondents. Fourth, the item may be out of place in the survey or the overlap of constructs may have caused this item to be in the wrong place. All of these possibilities need to be considered and addressed if this item is to be included in future versions of the instrument.
ICCs also show the relationship between someone's response to each category (in this case, strongly disagree, disagree, neither agree nor disagree, agree, and strongly agree) and their level on the underlying trait (θ). For example, on the religiosity item I seek God's guidance when making decisions about my health − a person with low religious beliefs (θ = -2.0) would have about a 27% probability of strongly disagreeing with the statement and about a 58% probability of disagreeing with it. On the other hand, they would show only a 5% probability of agreeing with the statement and essentially a 0% probability of strongly agreeing with it. Based on the current sample, African Americans 50 to 75 years of age (θ=0.0) present quite a different picture. Such a person would have nearly a 0% chance of selecting strongly disagree, disagree, or even neither agree nor disagree for this item. They would have a 57% probability of selecting Agree and a 43% probability of selecting strongly agree. That is, about 100% of the people in this population (as suggested by this sample) will at least agree with this statement. Another way of looking at this is that an African American age 50 or over seeks God's guidance in medical matters.
Another religiosity item − Religion offers me comfort − is similar to the religiosity as guidance on health and screening and suggests that people who are not religious have an 82% probability of being at least neutral or less about religion providing them comfort. An interesting point about this is that an equal percentage of this group would select agree as would select neither agree nor disagree. Essentially, no one would pick strongly agree, as would be expected, given their religious belief. The (θ =0.0) response of a person similar to those in this sample is quite similar to the responses on the item discussing whether religion provides guidance on health behaviours. In general, no one at this level of this dimension selects strongly disagree, agree, or neither agree nor disagree as their choice. The probability of selecting agree is 0.70 and of selecting strongly agree is 0.30. While there is a 13% probability of selecting strongly agree on the guidance item, the strongly agree and agree options of both items are strongly associated with CRCS adherence in this population. If the item that addresses consulting a religious leader about health is again considered, a person who is not particularly religious (θ=-2.0) has an 88% chance of picking strongly disagree or disagree for this item. Most of them will probably select disagree (probability = 0.68).
Associations with colorectal cancer screening adherence
Given an understanding of the strength and range of the attitudes covered by the items representing the seven constructs, construct association to CRCS adherence was examined using logistic regression. The model controlled for the effects of sex, income, education, and marital status and usual place to receive health care. Scales were constructed using two strategies: simple summing of items and summing items, with strong items multiplied by 2. When scales were created by summing items, privacy (OR=0.984; 95% CI: 0. 913, 0.916) and empowerment (OR=1.07; 95%CI: 1.005, 1.129) were associated with CRCS adherence. Participants who held strong privacy beliefs and believed CRC and other health issues should not be shared with physicians, family members, and close friends were less likely to be screening adherent (P<0.01). Individuals who reported a strong belief that they could affect cancer outcomes were more likely to be CRCS adherent (P<0.03). Table 3 shows the results when strong items were weighted. Empowerment (OR=1.08; 95% CI: 1.008, 1.151) was associated with Item parameter estimates (a: discrimination parameter, b1-b4: m (number of responses) -1 discrimination threshold parameter) . 
Discussion
This analysis was conducted to determine how current sociocultural measures may affect what we know about how these attitudes and beliefs affect CRCS of US-born African American population aged 50 or older. Fortunately, the IRT analysis showed that the Multi-construct African American Cultural Survey (MAACS) could form a good fixedlength questionnaire to assess seven constructs of interest for African Americans eligible for CRCS. The 29 items included on the seven scales provide adequate information about this population across most levels of the constructs assessed. Unfortunately, even under very relaxed conditions for item selection, there were an insufficient number of items to create the item bank necessary to construct a usable computer adaptive survey, since these surveys require more items to assure efficient and accurate assessment across constructs and the population of interest. While computer adaptive surveys would be ideal in community settings where the use of a minimum item set could result in more rapid assessments, the MAACS is a short questionnaire sufficient to accurately assess the opinions and feelings of African Americans 50 to 75 years of age about preventive screening related to CRC. The MAACS fills a critical need for a comprehensive questionnaire that assesses cultural attitudes and beliefs relevant for CRC health behaviours that have been identified to date.
Although the items and scales included in the survey have been reported on and examined in the literature, only two of the scales, privacy and empowerment, were associated with CRCS adherence; the association between empowerment and adherence was present regardless of scale construction. Consistent with TRA/TPB's emphasis on the role of social norms and influences on health behaviours, these findings suggest that the identification and selection of new constructs should focus on those cultural attitudes and beliefs that signal the strength of social influence on the screening or health behaviour (privacy) and social norms that prime active engagement in health behaviours (empowerment).
The IRT analyses permit a better understanding of how well the items identified fit together. The examples from the analyses suggest that even items that have been previously used to assess attitudes about dimensions such as religiosity and health may not function as well as previously noted when used in specific cancer contexts. 11 A number of the items examined were found in the breast and prostate cancer screening literature and responses may have been affected by cultural issues relevant to sex specific cancers. 10, 11, 17, 18 This finding suggests the importance of exploring the relevance of items for specific cancers. The construction of scales and measures concerned with the assessment of sociocultural attitudes in cancer preventive behaviour must be carefully considered. Without appropriate selection and analysis, this IRT study suggests that it is not certain how well surveys composed of items drawn from the general health or cancer literature capture the relevance of cultural attitudes and beliefs for specific cancer behaviours.
Conclusions
Several limitations in these data should be noted. First, this sample is not representative of a national sample of African Americans 50 to 75 years, and a representative sample might yield different results. For example, it is estimated that 20% of African Americans between 50 and 64 years of age are uninsured, 33 but the uninsured rate in this sample was approximately 4.3%. However, the analyses were conducted using a large national sample of African Americans eligible for colorectal cancer screening, with adherence rates consistent with national data which increases the likelihood that these data contribute to our understanding of sociocultural measurement issues. In addition, the search of the databases used to select items that might comprise scales included articles up to 2008 so that more recent data and items are excluded. Additional research should explore the literature for new items that might better capture relevant attitudes. In addition, it is possible that different sub-groups in the sample (i.e., males and females) might have different response tendencies to the items. Specifically, this should be investigated in future research using differential item functioning analyses. Despite these limitations, the data indicate the validity of a short survey covering several cultural constructs previously discussed in the literature that may be useful to other researchers examining relationships between cultural constructs and health in AfricanAmerican populations. 
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